In a preceeding paper the microwave spectrum of methanesulfenylchloride has been investigated 1 . The rotational constants and the quadrupole coupling constants have been given for both isotopic species CH3SC1 35 and CH3SC1 37 in the ground state. The dipole moment of the CH3SC1 35 species has also been determined.
Since a splitting due to internal rotation motion of the CH3-group could not be observed, the present work was undertaken to investigate high / transitions in the ground state and transitions in the first excited torsional state. Considerations concerning structure and quadrupole coupling constants are also given.
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The microwave spectrometer is a conventional 100 kHz Stark effect spectrometer operating in the range 6 -37 GHz described elsewhere 2 ' 3 .
Frequency measurements are believed to be accurate within i 0.03 MHz. The sample of methanesulfenylchloride was prepared by J. ROSENBAUM, Freiburg, and used without further purification.
Centrifugal Distortion Analysis
The centrifugal distortion analysis has been made essentially to predict the high J transition frequencies of CHgSCl 35 in the ground state. Thereby it was possible to find such lines and check for a possible splitting due to internal rotation. The WATSON formula 4 ' 5 for asymmetric nonplanar molecules was the basis of this analysis. The method of least squares was used to obtain the corrections to the three rotational constants and the five centrifugal distortion constants. The lines used for this analysis, corrected for the splitting due to quadrupole coupling, the calculated frequencies and the contributions due to centrifugal distortion are listed in Table 1 .
The error estimation follows the method proposed by LINNIK 6 and ZURMÜHL 7 .
The correlation coefficients for two of the centrifugal constants indicate an ill-conditioned normal equation, but nevertheless the frequencies are accurately predicted and the assignment was easily made. For a more complete analysis, the measurement of other lines of different subbranches 8 in other frequency ranges may be of value to improve the reliability of the centrifugal distortion constants. However, since the rotational constants of the present analysis are not very different from those obtained from the rigid rotor analysis of the low / lines it is believed that a more extended analysis would not change the rotational constants to a large amount. Therefore no effort was made to extend the investigation beyond the transitions discussed here. It may moreover be noticed that the present centrifugal distortion constants are of the same order of magnitude as those obtained for CH3SCN 9 .
Structural Considerations
Although the six moments of inertia determined from the spectra of CH3SC1 35 and CH3SC1 37 are insufficient to give the complete structure of this molecule, reasonable assumptions can be made which, combined with these data, yield a possible structure sufficiently accurate for most purposes. In calculating the structure a fixed value of 1.085 Ä was assumed for the C -H bond length in the CH3-group. This value was determined in the investigation of the restructure of CH3SCN at the microwave laboratory in Freiburg 10 . For the C -S bond length and the HCS angle a series of different values was assumed as listed in Using the different sets of assumed structural parameters, the six rotational constants were fitted by the method of least squares. The resulting different values of the two structural parameters thus determined, the CI -S bond length and the CISC angle are listed in Table 2 . As may be seen, the CISC angle and the S -CI bond length are not very sensitive to the changes of the varied parameter, so they are believed to be sufficiently well determined for later use in this work. The S -CI bond length agrees reasonably well with the sum of the single covalent bond radii of both atoms 11 .
Internal Rotation Barrier
An investigation of the ground state transitions up to / = 15 in the frequency range available to the spectrometer gave no observable splittings due to internal rotation. Calculations with an assumed barrier of 2500 cal/mole show indeed that resolvable splittings could not be predicted even for higher J lines. As one expects much larger splittings in the first excited torsional state, the corresponding rotational spectrum was investigated and a determination of the torsional barrier was possible.
First the stronger low-/ "a"-type transitions were found and assigned on the basis of their Stark-effect, quadrupole hyperfine structure and fit to the spec-9 H. DREIZLER and A. M. MIRRI, Z. Naturforsch. 23 a, 1313 [1968] trum of a rigid rotor. The splitting of the lines was small and could not easily be resolved. Therefore "b"-type transitions were investigated for which the splitting was expected to be larger. Their assignment was difficult because of the weak absorption and the poor frequency predictions due to the difficulty in predicting the value of the A constant for this state.
in which the various symbols are defined as follows:
The line splittings were fitted to Eq. (1), which contains only second and fourth order contributions 16 . For some low-/ transitions it was necessary to use first order perturbation in addition to account for the observed splittings.
The Tables published by HAYASHI 17 and Do-BYNS 18 allow a direct determination of this term, which has the form -2 2 F Qg Pg p , in which p is the angular momentum about the CH3 axis. Thus 5 = 4 Vs/9 F and the direction cosines lg were obtained and are listed in Table 4 . For the barrier calculations a mean value of la is assumed with an error which reflects the uncertainty of the structure. Q-type lines were very helpful at this point because of their characteristic pattern composed of two hfs quartetts, one for the A-and one for the E-species. Table 3 shows the observed and calculated values of the transition frequencies and the splittings due to internal rotation. The usual Hamiltonian for this problem [12] [13] [14] [15] has been rearranged to obtain the following expression:
(1)
The uncertainty of Ia determines the errors in the barrier height and in the direction cosines Xg .
The resulting Xa gives an angle between the CH3-axis and the "a" principal axis which differs by about 3° from that obtained using the CSC1 structural angle.
As found in CH3SCN 10 and in other compounds containing CH3-groups 19 ' 20 a value of ~3° could be justified to account for a tilt of the CH3-group towards the sulfur atome.
A spectrum due to an excited vibrational state has also been observed and is the object of a further investigation.
Quadrupole Coupling Constants
As shown in Table 5 •11/2
• 17/2 13/2
•15/2
•11/2
•17/2 13/2 Table 5 . Rotational constants, quadrupole coupling constants and inertial moments of the first excited torsional state. The rotational constants result from a centrifugal distortion analysis on all lines given in Table 4 .
first excited torsional state with respect to those of the ground state. The principal axis coordinates obtained from the restructure of Table 2 indicate that the S -CI bond forms an angle of 25° 50' with the "a" principal axis in CH3SC1 35 and that the rotation caused by CI 37 substitution is approximately 0.5°.
Assuming that the principal axis of the quadrupole tensor is colinear with the S -CI bond axis, it is possible to determine the value of the quadrupole coupling constants along the S -CI bond by rotating the x tensor through the corresponding angles. The transformed values are given in Table 7 where %zz 7a= 3.14 ±0.04 AMU/A2(a) 5 = 70.82 ± 0.15 F3 = 2599 ± 27 cal/mole* 1 » XI = 0.3832 ± 0.002 = 0.6156 ± 0.002 F = 170.88 ± 1.29 GHz a a = 51.66° ± 0.15° <£ a b= 38.32° ± 0.15° (a) The uncertainty of the la value is given to account for the different SCH angles assumed in the structural considerations. The errors given for the other parameters reflect the uncertainty of Ia . (b) Ve and rotation-vibration interactions are not considered. 
